Cuttlefish Learning Efficiency in a Food Retrieval Task by Schonwald, Jasmine
Roger Williams University
DOCS@RWU
Biology Theses Feinstein College of Arts and Sciences Theses
5-1-2011
Cuttlefish Learning Efficiency in a Food Retrieval
Task
Jasmine Schonwald
Roger Williams University, jschonwald230@g.rwu.edu
Follow this and additional works at: http://docs.rwu.edu/biology_theses
Part of the Biology Commons, and the Laboratory and Basic Science Research Commons
This Thesis is brought to you for free and open access by the Feinstein College of Arts and Sciences Theses at DOCS@RWU. It has been accepted for
inclusion in Biology Theses by an authorized administrator of DOCS@RWU. For more information, please contact mwu@rwu.edu.
Recommended Citation
Schonwald, Jasmine, "Cuttlefish Learning Efficiency in a Food Retrieval Task" (2011). Biology Theses. Paper 1.
http://docs.rwu.edu/biology_theses/1
   
 
Page i 
 
 
 
 
 
 
 
 
Cuttlefish Learning Efficiency in a Food Retrieval Task 
 
 
 
 
Jasmine Schonwald 
 
 
Biology Bachelor of Science 
 
 
Department of Biology & Marine Biology 
 
 
Feinstein College of Arts and Sciences 
 
 
Roger Williams University 
 
 
May 2011 
   
 
Page ii 
 
 
   
 
Page 
iii  
Acknowledgements 
I would like to thank my thesis advisor, Dr. Dale Leavitt, for the long hours spent helping me 
turn my ideas into a reality, and my entire thesis committee, Dr. Lauren Rossi, Dr. Paul Webb 
and Dr. Leavitt, for helping me write a thesis on a tight timeline. I would also like to thank the 
MNS faculty and staff for making this project possible, as well as the students responsible for the 
construction and maintenance of the research tank used in this experiment. Lastly I would like to 
thank Roger Williams University, for providing me with the opportunity to do this research. 
   
 
Page iv 
 
Table of Contents 
Page:  Content: 
i. Title Page 
ii. Signature Page 
iii. Acknowledgements 
iv. Table of Contents 
v. Tables and Figures 
vi. Abstract 
1. Introduction 
6. Methods 
7. Results 
9. Discussion 
13. Works Cited 
15. Appendix A 
   
 
Page v 
 
Tables and Figures 
Page:  Content: 
7. Figure 1 
8. Figure 2 
9. Table 1 
15. Table 2 
16. Figure 3 
16. Figure 4 
17. Figure 5 
17. Figure 6 
18. Figure 7 
18. Figure 8 
19. Figure 9 
19. Figure 10 
20. Figure 11 
20. Figure 12 
21. Figure 13 
   
 
Page vi 
 
21. Figure 14 
22. Figure 15 
22. Figure 16 
23. Figure 17 
23. Figure 18 
24. Figure 19 
24. Figure 20 
25. Figure 21 
25. Figure 22 
26. Figure 23 
26. Figure 24 
27. Figure 25 
27. Figure 26
   
 
Page 
vii  
Abstract 
Class Cephalopoda is thought to contain the most intelligent invertebrates thus far 
discovered. It has been found that cuttlefish have the capacity for learning (Boal et al. 2000, 
Darmillaq et al. 2003, Darmillaq et al 2006, Graindorge et al., 2006; Karson, Boal and Hanlon, 
2003). It has also been shown that cuttlefish can navigate in sophisticated ways, such as within a 
maze (Graindorge, et al., 2006; Karson, Boal and Hanlon, 2003). The goal of this experiment is 
to determine the correlation between learning and navigation in cuttlefish. Cuttlefish were placed 
in an oval tank divided into 24 quadrants with 8 smaller buckets within it to provide shelter. A 
food reward was then placed into the tank, and the time spent in each quadrant, as well as when 
the food was retrieved, was recorded. The trials were repeated 5 times with each cuttlefish. The 
data was used to analyze efficiency to food capture, both in number of quadrants traveled and 
time expended. It was found that time significantly improved over the course of the trials, but 
quadrants traveled did not. More study in cuttlefish navigation strategies is necessary. 
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Introduction 
Cuttlefish (genus Sepia) are members of class Cephalopoda, a class which includes squid 
and octopus. This class is known to contain some of the most intelligent invertebrates. Cuttlefish 
inhabit the shallow water near shore in tropical and semitropical locales.  They have a lifespan of 
one to two years, and grow to a mantle length of between 20 and 45 cm. They feed on small 
molluscs, crabs, shrimps and fish. Cuttlefish are bottom dwellers and spend the majority of their 
time camouflaged on the bottom of the sea bed, rising to hunt and fight or mate with 
conspecifics. Cuttlefish have very sophisticated camouflage abilities, and are able to finely 
manipulate their skin color and texture in order to blend into their surroundings (Arkive 2010). 
Cuttlefish have been shown to be capable of learning and other intelligence landmarks in many 
studies.  
Cuttlefish have been shown to be adept at using learning in navigation. Research has 
been done on maze navigation in cuttlefish (Graindorge, et al., 2006; Karson, Boal and Hanlon, 
2003). Karson et al. found that maze navigation improved with repetition, and cuttlefish retained 
learned knowledge in an alley maze and a wall maze. However, no improvement was found in a 
T-maze or in an arena maze, possibly because of motor issues with getting to the exit. 
Graindorge et al. found that maze navigation was impaired by lesions in the vertical lobe 
complex of the brain. The control group which had not been inflicted with brain lesions, showed 
improvement within the maze, demonstrating learning. Research has also been done on maze 
navigation using visual cues (Alves et al., 2007; Hvorecny et al., 2007). Hvorecny et al. found 
that cuttlefish in a round maze with two possible exits (one closed, one open) demonstrated 
learning based on visual cues of a brick and a piece of algae, respectively. Alves et al. found that 
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response to visual cues was much more pronounced when the cues were in close proximity to the 
cuttlefish and very different from one another.. There has also been some research on the use of 
non-visual senses in a maze environment (Boal and Marsh 1998). Boal and Marsh attempted to 
use chemical cues in the form of the scent of sexually mature cuttlefish. Cuttlefish would be 
placed in a y-maze, with a scent of a cuttlefish of the opposite sex in one branch of the maze, 
with the expectation of the cuttlefish swimming to this branch. However, there were no 
conclusive results, as there was no evidence of chemical communication found. This is possibly 
due to the cuttlefish being sexually immature. 
Predatory mechanisms in cuttlefish have also been investigated, including a study on 
learning prey attacking methods in cuttlefish (Boal et al 2000). The prey used was live crabs, in 
order to create negative reinforcement in the form of pinching. One group of cuttlefish was 
introduced to crabs without any prior observation, another was introduced to the crabs after 
watching experienced conspecifics prey on the crab, a third after watching non-attacking 
conspecifics with a crab, and a fourth group was introduced to crabs after an initial exposure to 
crab scent. The first group showed poor strategy on the initial trial, but all of the other groups 
performed as well as the first group did on their second trial. No evidence was found that 
watching conspecifics improved predation technique. Darmaillacq et al. (2003) performed 
another study concerning learning in cuttlefish. The cuttlefish were exposed to a usually 
preferred prey (shrimp) with quinine added to produce a bitter taste. The cuttlefish were fed 
quinine modified shrimp until they no longer attacked. The cuttlefish were then presented with a 
choice between the preferred prey and a different prey (crabs) 24 and 72 hours later. The 
cuttlefish fed quinine modified shrimp showed a significantly greater tendency to choose the 
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non-preferred prey. There has also been some research on embryonic learning of predatory 
mechanisms, by exposing the embryonic cuttlefish to visual stimuli of crabs, while leaving 
another, unexposed group as a control. After approximately 11 days of exposure to the crabs, the 
cuttlefish had a significant preference for them as prey, while the control cuttlefish significantly 
preferred shrimp. This suggested learning of prey preference in embryonic cuttlefish. Another 
study by Darmaillacq et al. (2006) focused on embryonic prey preference learning also, and 
attempted to determine the minimum time in which prey imprinting could take place. Embryonic 
cuttlefish were exposed to crabs for periods of 15, 30, 60, 90, and 120 minutes. Preference for 
crabs as prey was triggered with 60 minutes or more of exposure time. 
Memory formation is another area of focus in the study of cuttlefish intelligence. 
Bellanger et al (2003) studied the enzyme activity in cuttlefish brains as it corresponded to short 
and long term memory formation. This was achieved by using a learning task. The cuttlefish 
were placed in a tank with a clear tube containing a prey item. The number of attacks on the prey 
was recorded, and the prey was covered for a delay period of either 2 min, 60 min, or 24 hours. 
The prey item was then uncovered and the number of strikes noted. The cuttlefish were then 
euthanized, and enzyme activity was analyzed. No change was found in the enzyme activity after 
the two minute delay, a small decrease in acetylcholine catabolism was found after the 60 minute 
delay, and a significant increase in acetylcholine catabolism was found after the 24 hour delay. 
This indicates a difference in the way that short and long term memories are processed in 
cuttlefish. In addition, Bardou et al (2010) conducted a study on the role of 
vasopressin/oxytocin-related peptides in cuttlefish learning. Cuttlefish were injected with a 3-60 
µg/kg dose of the peptides one hour after a training phase in which a passive avoidance task was 
taught. The cuttlefish were then given a retention test 24 hours later. Cuttlefish that received 
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doses of 3 µg/kg had increased long term memory, no effect was found with 15µg/kg, and a dose 
of 60µg/kg or higher was damaging to memory. Kelman et al. (2008) conducted a study similar 
to Bellanger et al (2003), that is, cuttlefish were placed in a tank with a clear tube containing a 
prey item. The number of attacks on the prey was recorded, and the prey was covered for a delay 
period. However, Kelman et al. used a delay period of 1, 3, 5, 7, 9, 11, 13, 15, 17, or 19 minutes. 
Also, the experiment was carried out with groups of cuttlefish that were 8, 15, 21, 30 and 90 days 
old. It was found that striking was inhibited in all cuttlefish after the initial trial, however, there 
was a significantly larger inhibition in cuttlefish that were 21 days old or more. Purdy et al 
(2006) conducted an experiment with a similar setup to Kelman et al (2008). The cuttlefish were 
exposed to shrimp or fish in a translucent container, and strikes on the container were counted, 
and this was repeated a number of times to judge learning. However, in one group the cuttlefish 
were exposed first to fish, then to shrimp, and another was exposed to shrimp, then fish, a third 
to only shrimp, and a fourth to only fish. The cuttlefish that were exposed to fish then shrimp 
showed an increased attack rate, but no other group did. This was attributed to a preference in 
cuttlefish for shrimp as prey. 
Self-recognition studies have also been performed on cuttlefish and other cephalopods, 
with interesting results. Ikeda (2009) individually placed squids, octopus and cuttlefish in tanks 
with mirrors. The squid and cuttlefish both exhibited behaviors of mirror touching which may 
indicate self-awareness. This is an indicator of intelligence which is often found in the same 
organisms as learning. The octopus did not display touching behavior, however this may reflect 
on the solitary lifestyle of octopus, rather than a lack of self-awareness. 
Simple reinforcement learning studies have also been performed. Anderson et al. (2010) 
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researched octopus recognition capabilities. The octopus were exposed to two separate human 
researchers, one of whom fed them, the second of whom poked them with a stick. After a two 
week period, with two trials five days a week, the octopus had significantly more negative 
behaviors, such as eye bars, increased breathing rate, and jetting water directed towards the 
irritator and the feeder. The octopus also regularly moved towards the feeder and away from the 
irritator at conclusion of the trials, which suggests they had learned to associate the negative and 
positive actions, feeding and poking, with the appearance of the researchers. Cole and Adamo 
(2004) attempted to determine if cuttlefish could exhibit associative learning. The cuttlefish were 
placed in a testing tank, and one of two different colored spheres was introduced to the tank. Half 
the cuttlefish received a food reward only in concurrence with the lighter sphere, half in 
concurrence with the darker sphere. As trials progressed, the cuttlefish showed much increased 
striking behaviors on the sphere that was associated with the food reward, rather than the 
unassociated sphere, indicating learning of the association. 
This study will attempt to add the current knowledge of cuttlefish learning capabilities. 
The previous learning studies have often been based off of one experimental design, the “prawn 
in a tube” design. While quite effective, the widespread use of this model may miss key 
information that could be discovered in other experimental designs in cuttlefish learning studies. 
This study will attempt to demonstrate learning using food rewards with a slightly different 
experimental design.  The food reward will be associated with a certain area of the experimental 
tank, and the time it takes each cuttlefish to find the food, as well as the path taken will be 
analyzed for efficiency. It is hypothesized that the cuttlefish will show both shorter time and 
more efficient paths as the study progresses. Significant learning may not take place within the 
number of trials performed in this study, however, as in most learning studies a larger number of 
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trials were performed. The findings are expected to be preliminary, as navigational strategies in 
learning have not been studied in this experimental setup previously. 
 
Methods 
Four cuttlefish were used in the study. Each cuttlefish was housed in an 8 liter tank living 
tank, filled with filtered seawater kept at 21°C. The cuttlefish were fed once a day at a random 
time with frozen shrimp. One of the cuttlefish was then transferred to a 250 liter oval testing tank 
filled with filtered seawater kept at 21°C. The testing tank had 8 small transparent buckets placed 
on their sides and immersed in it for use as hiding places, and was divided into 24 quadrants for 
analysis purposes as shown in Figure 1. The transfer of cuttlefish was accomplished by using a 
400mL beaker to catch the cuttlefish and then transferring the cuttlefish to a 5 liter opaque 
bucket, which was then covered in a stiff mesh and inverted into the test tank. The bucket was 
always placed at quadrant 14 in order to ensure that the cuttlefish would always start trials from 
the same quadrant. The cuttlefish was then visually isolated for 10 minutes in order to acclimate 
to the tank, and was then released into the testing tank. The cuttlefish was left in the testing tank 
for 10 minutes, and its path was recorded, including path between quadrants and the time spent 
in each quadrant. This trial, with no food stimuli, was repeated with each cuttlefish, and these 
trials were used as a control. The process was repeated, after a piece of food was placed on a 
clear, flexible rod, introduced to quadrant 24 of the testing tank previous to the cuttlefish’s 
release from the acclimation bucket, and moved about by the researcher for the duration of the 
trial or until it was consumed.  The trial ended after 10 minutes or once the food was fully 
consumed by the cuttlefish. Each cuttlefish only performed one trial each day, in order to reduce 
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stress. The trials continued until each cuttlefish had completed 5 trials over 5 days in addition to 
the control trial. During each trial a record was kept of each quadrant the cuttlefish visited and 
the time it entered and left the quadrant, as well as when and if the food reward was recovered. If 
the food was not recovered during the trial, the cuttlefish was fed once all of the trials run that 
day were concluded. These data were analyzed using a single-variable ANOVA test to determine 
if the average time to food was significantly increased from first to last trial. The number of 
seconds from trial start to removal of the food from the rod was used, unless the cuttlefish that 
failed to retrieve the food, in which case 600 seconds, the full time of the ten minute trial, was 
used. The number of quadrants the cuttlefish passed through before acquiring the food was also 
analyzed using a single-variable ANOVA.  
 
 
 
 
 
 
Figure 1 Testing tank divided into quadrants. The 8 buckets used to provide the cuttlefish with 
shelter areas are shown as cylinders.  
 
 
Results 
 The time spent in each quadrant, as well as the quadrant number and the time food 
was retrieved was recorded. The entire data set is presented in Appendix A, Table 2. The data 
1 
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was analyzed in two parts, as time spent and as quadrants navigated. The time elapsed in each 
subsequent trial is less in each cuttlefish except for cuttlefish A, who was never able to find the 
food and thus was assigned a value of 600s, or the full time allotted for each trial. Cuttlefish B 
did show a lower time on the first trial than on any other, however this is the only point where 
this occurs. Other than this point, cuttlefishes B, C and D show reduced time on every trial that 
food is obtained (Figure 2).  A one-way ANOVA using trial repetition as the variable showed 
significance at a p-value of 0.00093.  
 The number of quadrants traveled shows a much more random distribution (Table 
1). There was no significance shown in these data (p=0.646). In 3 of the 4 cuttlefish the 
quadrants traveled increases from the first trial then decreases to the same number or less on the 
last trial. The exception, Cuttlefish D, shows an almost unchanged number of quadrants traveled 
in every trial. The movement paths of each cuttlefish are shown in appendix A, Figures 3-26. 
These figures show indecisiveness on the part of the cuttlefish in swimming patterns. The 
majority of the cuttlefish did not swim directly to any area of the tank. In fact, 11 of the 20 trials 
show the cuttlefish making at least one 180 degree turn, and 16 of the 20 showed at least a 90 
degree turn.  
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Figure 2 Graph showing the time elapsed to food recovery in each cuttlefish, plotted against the 
trial number. Each cuttlefish shows decreasing time to food over the trials, except for cuttlefish 
A, who never retrieved the food. 
 
Table 1 Chart of quadrants traveled before food is retrieved. Number of quadrants was 
determined by counting the number of quadrants included in the most efficient path from each 
point where the cuttlefish stopped. If the food was never retrieved, the entire path was included.  
 # of quadrats traveled 
Trial # 
Cuttlefish 
A 
Cuttlefish 
B 
Cuttlefish 
C 
Cuttlefish 
D 
control 4 3 3 6 
1 6 3 3 5 
2 8 9 7 4 
3 5 11 9 4 
4 8 5 5 4 
5 3 3 3 4 
 
 
Discussion 
During many trials, the cuttlefish settled quickly in the tank and would not move until 
removed from the tank at the end of the trial. In fact, 13 of 20 trials showed cuttlefish settling 
before 2 minutes were elapsed. If this settling behavior occurred before the food was obtained, 
the cuttlefish would not obtain the food at all during the trial. This behavior occurred in all 
cuttlefish. It was the least common in the least successful cuttlefish, cuttlefish A, who settled in 
only 2 of 5 trials. This was followed by the most successful cuttlefish, cuttlefish B, who settled in 
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3 of 5 trials. Cuttlefish C and D both showed settling in 4 of 5 trials. 
In later trials, the cuttlefish began exhibiting fear responses when the beaker was placed 
into the testing tank to remove them. Two of the cuttlefish inked upon the beaker entering the 
water, and all cuttlefish directed water jets at the beaker and attempted to move to inaccessible 
parts of the tank. Cuttlefish also showed fright patterning. None of these responses were shown 
when the same beaker was placed in the cuttlefish’s home tank in order to move them into the 
testing tank. The removal beaker was replaced by a different container, a 1L opaque bucket, once 
this behavior was observed multiple times. The new beaker produced a much lesser fear response 
in the cuttlefish.  
The cuttlefish also were attracted to the plexiglass window in the side of the tank directly 
adjacent to quadrants 14 and 16. Cuttlefish would often swim into it multiple times during a trial. 
Some seemed disturbed by it. This behavior could be caused by cuttlefish responding to their 
reflection in the glass, as shown by Ikeda (2009). However Ikeda saw results of cuttlefish 
touching a mirror gently, as opposed to the ramming behavior observed in this experiment. It is 
also possible that the plexiglass was too clear for the cuttlefish to see that there was a barrier 
there, resulting in their attempts to swim through it. In future experiments, a completely opaque 
tank may help alleviate this problem.  
While the cuttlefish usually did not seem disturbed by people walking by the tank during 
trials, they were disturbed by sudden loud noises, such as an item being dropped, which occurred 
somewhat regularly in the area surrounding the testing tank. In future experiments, the tank 
should be placed in a quieter area. The lighting in the lab was not placed directly over the testing 
tank. However, it was perhaps brighter than the cuttlefish were accustomed to, as their home 
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tanks were shaded with pieces of fake seaweed. This could have contributed to cuttlefish stress. 
A significant difference was found in ANOVA analysis of time to food, after repeated 
trials, and improvement was noted in 3 of the 4 cuttlefish. This suggests that the cuttlefish were 
learning to look for and finding food more quickly in subsequent trials. This finding corroborates 
published results (Boal et al. 2000, Darmillaq et al. 2003, Darmillaq et al 2006, Graindorge et 
al., 2006; Karson, Boal and Hanlon, 2003), demonstrating ability to learn in cuttlefish. These 
studies suggest learning by the cuttlefishes’ increasing ability to perform an action, such as 
selecting a location indicated by a cue, with subsequent trials. Learning could also be indicated 
by cuttlefish ceasing to perform an action over subsequent trials, such as lessened attacks upon a 
prey item that is inaccessible. The findings of this study show an increasing speed in performing 
an action over subsequent trials, a similar result. 
The ANOVA analysis of the quadrants traveled, however, did not show significance.  
This suggests that the search strategies did not change despite consecutive trials in which food 
was placed in the same area of the tank. This contradicts the previous indication of learning by 
the time to food ANOVA. These results do not support the hypothesis, that both time and 
quadrants traveled will reduce with subsequent trials. Instead, only time was reduced 
significantly. This implies that the cuttlefish were moving faster through the quadrants they 
visited. Indicating a lack or reduction in settling behaviors, or settling occurring only after food 
was retrieved. This could be explained by an awareness of the part of the cuttlefish that food 
would be in the testing tank, and therefore an active searching behavior for it, resulting in more 
quadrants traveled, but less time until food retrieval.  
A large factor of these contradictory results was likely the small cuttlefish sample size. 
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Cuttlefish are not collective animals, and because of this individuality, a large sample size is 
needed to predict the behavior of the entire population. The acclimation time was also most 
likely a factor. As the cuttlefish were acclimated inside a small bucket placed inside the larger 
tank, they were allowed to adjust to any changes in water temperature and salinity, but were 
unable to adjust to the considerably different environment of the testing tank. A longer 
acclimation time in which the cuttlefish were allowed to explore the entire testing tank, and/or 
multiple control trials, may have been beneficial. In addition, more trials may have been needed 
in order for the cuttlefish to more decisively demonstrate learning. Lastly, the environmental 
factor of a busy laboratory taking place around the testing tank was also far from the ideal 
situation in which to conduct trials. The cuttlefish may have been stressed by the transfer from 
home tank to research tank, or by the decreased shelter and increased light in the tank, or the 
much larger size of the research tank. Cuttlefish were also exposed to sudden sounds, and people 
passing by during many trials. In future studies, the tank should be located in a more controlled 
environment.  
In an optimal experimental setup, the results would likely be either similar to the results 
found in this experiment, a decreasing time coupled with a non-significant change in quadrants 
traveled, suggesting that cuttlefish do not learn to change searching behavior based on food 
located in a specific place, or the results may show a search pattern concentrated to the place 
where food was previously located, in addition to decreased search time, suggesting search 
behaviors in cuttlefish can be modified based on new information. 
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Appendix A 
Table 2 Chart of all data collected during trials. Quadrants labeled with (food) indicate the 
cuttlefish retrieving the food upon entering that quadrant.  
Trial Date 
Cuttlefish 
A 
  
Cuttlefish 
B 
  
Cuttlefish 
C 
  
Cuttlefish 
D 
  
3/26 quadrant 
time 
spent Quadrant 
time 
spent Quadrant 
time 
spent Quadrant 
time 
spent 
Control Trials 14 0:22 14 0:15 14 0:02 14 0:10 
 20 6:46 11 0:25 20 0:40 22 9:50 
 24 0:36 12 9:20 16 9:18    
 22 2:26             
3/27 14 3:40 14 0:10 14 0:10 14 0:03 
Food Located in 21 3:10 (food)24 0:01 16 9:50 2 1:00 
quadrant 24 24 4:10 22 0:20     3 8:57 
     16 7:10         
3/28 14 1:30 14 0:30 14 0:28 14 0:21 
Food Located in 18 2:30 10 0:31 20 0:18 18 0:19 
quadrant 24 22 2:21 2 3:26 16 3:50 22 9:14 
 19 0:34 24(food) 0:01 24 0:02 23 0:06 
 23 0:02 19 0:29 16 5:15     
 19 1:29 18 0:03 END 9:55       
 24 0:05 22 3:44         
 23 1:25 END 8:45           
3/29 14 0:37 14 0:21 14 0:21 14 0:31 
Food Located in 10 0:09 16 0:23 3 1:15 11 0:17 
quadrant 21 11 0:17 12 0:04 21 0:03 6 0:15 
 2 8:57 3 1:09 13 8:11 2 8:57 
     21(food) 0:01         
     13 8:02         
3/30 14 1:30 14 0:21 14 0:18 14 0:15 
Food Located in 18 0:27 9 0:22 23 0:13 11 0:23 
quadrant 21 1 0:52 21(food) 0:01 21(food) 0:01 6 0:27 
 2 6:47 13 1:19 23 5:59 2 8:55 
 5 0:24 9 7:57 END 6:31       
3/31 14 0:20 14 0:21 14 0:28 14 0:33 
Food Located in 19 0:25 22(food) 0:01 22(food) 0:01 21 1:30 
qu drant 22 16 9:15 19 0:03 16 8:42 22 4:31 
     16 7:12 END 9:11   food 
6 in 35s 
in 
     END 8:06       22 3:25 
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Figure 3 Movement path for control with Cuttlefish A 3/26/2011. Circle size corresponds to 
the amount of time that was spent in the quadrant. Cuttlefish path is indicated by the line, 
beginning at quadrant 14 and ending at the last circle. 
Figure 4 Movement path for control with Cuttlefish B 
3/26/2011 
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Figure 5 Movement path for control with Cuttlefish C 
3/26/2011 
Figure 6 Movement path for control with Cuttlefish D 
3/26/2011 
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Figure 8 Movement Path for Trial#1 with Cuttlefish B 3/27/2011 
Figure 7 Movement Path for Trial #1 with Cuttlefish A 3/27/2011 
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Figure 10 Movement path for trial # 1 with Cuttlefish D 
3/27/2011 
Figure 9 Movement Path for trial#1 with Cuttlefish C 
3/27/2011 
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Figure 12 Movement path for trial # 2 with Cuttlefish B 
3/28/2011 
Figure 11 Movement path for trial # 2 with Cuttlefish A 
3/28/2011 
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Figure 13 Movement path for trial # 2 with Cuttlefish C 
3/28/2011 
Figure 14 Movement path for trial # 2 with Cuttlefish D 
3/28/2011 
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Figure 15 Movement path for trial # 3 with Cuttlefish A 
3/29/2011 
Figure 16 Movement path for trial # 3 with Cuttlefish B 
3/29/2011 
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Figure 17 Movement path for trial # 3 with Cuttlefish C 
3/29/2011 
Figure 18 Movement path for trial # 3 with Cuttlefish D 
3/29/2011 
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Figure 19 Movement path for trial # 4 with Cuttlefish A 
3/30/2011 
Figure 20 Movement path for trial # 4 with Cuttlefish B 
3/30/2011 
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Figure 21 Movement path for trial # 4 with Cuttlefish C 
3/30/2011 
Figure 22 Movement path for trial # 4 with Cuttlefish D 
3/30/2011 
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Figure 23 Movement path for trial # 5 with Cuttlefish A 
3/31/2011 
Figure 24 Movement path for trial # 5 with Cuttlefish B 
3/31/2011 
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Figure 25 Movement path for trial # 5 with Cuttlefish C 
3/31/2011 
Figure 26 Movement path for trial # 5 with Cuttlefish D 
3/31/2011 
